To compare pneumatic retinopexy (PR) and scleral buckle for the repair of primary rhegmatogenous retinal detachment.
INTRODUCTION
The scleral buckle procedure (SBP) was pioneered by Charles Schepens in 1957 and revolutionized the treatment of patients with retinal detachment. 1 In comparison to the 30% to 40% success rates initially reported by Gonin, 2 scleral buckling has been reported to result in anatomic reattachment in up to 94% of uncomplicated retinal detachment cases. 3 The surgery also offers significant longevity, with anatomic success lasting 20 years or more in the large majority of cases. 4 Pneumatic retinopexy (PR) was introduced by Hilton and Grizzard in 1986 . PR allows surgeons to potentially avoid some of the difficulties associated with scleral buckling for select retinal detachments, including the need to go to the operating room, patient discomfort, and surgical complications such as diplopia. 5, 6 Initially, PR was advanced as a treatment option for uncomplicated, phakic superior detachments resulting from either singular breaks or multiple breaks residing within a single clock-hour of the fundus without proliferative vitreoretinopathy (PVR). Reported success rates have been variable and dependent upon patient selection, particularly for the treatment of inferior or more complex detachments. 7, 8 Limited studies have compared PR to SBP in the primary treatment of retinal detachment. PR has gained popularity among retinal surgeons over the years, 9 ,10 yet controversy still exists regarding its appropriate application. Selective inclusion criteria in the first retrospective study of PR may have contributed to a relatively high 91% success rate compared with subsequent studies.
11 Recent uncontrolled retrospective studies have reported primary anatomic success rates of 54% to 83%, with final anatomic success rates of 98% to 100% of cases, including subsequent reoperations. [12] [13] [14] Studies comparing PR to SBP have demonstrated similar variability, with one study reporting lower rates of reattachment for PR 15 and another recent comparative study showing equivalent final anatomic and visual results. 16 One large, randomized, controlled trial demonstrated final success rates that compared favorably to SBP. 17 A Cochrane review and meta-analysis of two randomized, controlled trials including 218 eyes comparing PR to SBP found PR may result in lower rates of reattachment and higher rates of recurrence than SBP. 18 More recently, primary vitrectomy with intraocular gas and laser without scleral buckling has been popularized as a potentially favorable alternative to both SBP and PR, with the suggestion of higher initial primary reattachment rates, presumably due to the concurrent release of vitreous traction and more optimized creation of the chorioretinal adhesion with laser. One large, randomized study comparing SBP with primary vitrectomy suggested that the latter technique was comparable or superior to the former depending on the clinical situation. 19 Some recent studies of SBP have reported lower primary reattachment rates compared with historical results. Possible causes for this disparity may relate to the greater experience and facility of earlier generations of surgeons with the techniques of scleral buckling compared with those trained in an era of other primary treatment options, including PR and primary vitrectomy without scleral buckling. 20, 21 In this study, we retrospectively compare both single surgery and final anatomic and visual outcomes of SBP versus PR in a consecutive series of patients at a single institution. a consecutive series of 44 patients undergoing SBP by a single surgeon (MSB) during that same time period for a total of 90 patients. The retrospective study was conducted after approval from the Stanford University Human Subjects Institutional Review Board (Protocol number 16117, PI MSB). All research was performed in accordance with the Declaration of Helsinki; the Health Insurance Portability and Accountability Act (HIPAA); and all local, regional, and national laws. All procedures were performed at Stanford Hospital and Clinics by retina faculty members who each had numerous years of experience performing the procedure and performed the procedure regularly. Other patients with retinal detachment seen and treated during that time period were excluded if: (1) there was presence of grade C or higher proliferative vitreoretinopathy; (2) the patient had previously had pars plana vitrectomy surgery for any reason; or (3) follow-up duration was shorter than 6 months.
PATIENTS AND METHODS

Forty
Preoperative data included in the analysis based on previous studies 22 included patient age; sex; eye involved; previous ocular surgery; history of trauma; presence/absence of symptoms; symptom duration prior to diagnosis; best-corrected visual acuity (BCVA) (by pinhole vision or refraction); refractive error; detachment position; detachment size (in clock hours); macula status (attached or detached); number/location of retinal breaks/tears identified; and lens status, including presence or absence of previous capsular compromise and/or vitreous loss with cataract surgery. Operative variables compiled included the type of anesthesia; the type of buckling elements used in the buckling group; the type of gas used for tamponade, if any (sulfur hexafluoride, perfluoropropane, or air); the use of a drainage sclerotomy during scleral buckling; method of chorioretinal adhesion (cryopexy or laser retinopexy); and any intraoperative complications.
Postoperative variables examined included initial and final postoperative retinal attachment status (defined in the 6-month postoperative period); the interval between initial and repeat surgeries, 23 The null hypothesis was rejected, and statistical significance was found for a P value less than .05.
RESULTS
The baseline characteristics of the two groups are listed in Table 1 and were roughly comparable in sample size, age, gender, refractive error, and extent of retinal detachment including macular status. The patients were followed on average for more than 2 years, and more than two-thirds of patients were myopic before surgery. The scleral buckle group tended to have a slightly shorter duration of detachment, excluding one chronic detachment (9.3 days vs. 7.7 days). Preoperative visual acuities (VAs) were slightly better in the scleral buckle group than the pneumatic group, although this was not statistically significant (P = .18). Both groups had the same average extent of detachment by number of clock hours. The PR patients tended to have The PR patients all received 100% C3F8 gas injection, typically 0.3 mL to 0.4 mL, but a few received up to 0.6 mL. Twenty-eight percent of the SBP patients had external drainage of subretinal fluid at the time of the surgery, and 61% had sterile air injected at the time of surgery.
As expected from having a very slightly greater proportion of patients with macula-sparing retinal detachments, the preoperative VA was slightly better in the SBP group (Table 2) , with 68% of patients with a VA of 20/40 or better, in contrast with 57% in the PR group, although this value was not statistically significant (P = .18). Twenty-eight percent of PR patients had VA worse than 20/200, whereas only 11% of the SBP group had VA worse than 20/200 preoperatively. The final VA was also better in the SBP group, with a logMAR VA of 0.16 (Snellen equivalent of 20/30) versus 0.28 (Snellen equivalent of 20/40) and 89% achieving 20/40 or better, as opposed to only 72% in the PR group, which was statistically significant (P = .04).
After SBP, 4.5% of patients suffered recurrent retinal detachment after the first intervention as opposed to 33% of those undergoing PR (P = .00057). Eleven percent of SBP patients underwent any additional surgical procedure postoperatively in contrast to 41% in the PR group (P = .0012). Nondetachment-related reasons for additional surgical procedures included vitrectomy for epiretinal membrane (ERM) repair (6.5% of PR and 4.5% of SBP), 2.3% ptosis repair with SBP, and 4.4% cataract surgery with PR, one of which received both vitrectomy for ERM and cataract surgery. The final rate of reattachment with one or more procedures was 100% with SBP and 97.8% with PR. Both PR and SBP had a 20% rate of ERM formation (Table 2) . Cataracts occurred more commonly with PR (8.7%) than with SBP (2.3%). The three cases of diplopia after SBP (6.8%) were managed with prism, and no cases of diplopia required surgical intervention or buckle removal. Corneal erosion occurred in both PR and SBP groups and was managed with antibiotic ointment and/or bandage contact lens. Ptosis occurred in two patients (4.5%) with SBP and was managed with surgery in one patient.
Plotting the VA over time reveals that patients with a successful PR and SBP have similar VA outcomes (Figure 1 ). Even after successful secondary surgical intervention, those patients who had an unsuccessful PR had a significantly worse visual outcome both initially after intervention and even after 1 year, with a logMAR VA of 0.51 (Snellen equivalent of 20/65) versus 0.11 (Snellen equivalent of 20/25) for those patients with a successful PR.
DISCUSSION
This study retrospectively compares two different methods of primary rhegmatogenous retinal detachment repair, pneumatic retinopexy and scleral buckle. Factors evaluated include primary retinal reattachment rate, both primary and final anatomic success, and ensuing postoperative visual outcomes as a function of the primary procedure chosen. SBP had a significantly higher rate of single surgery reattachment rate, 95.5% versus 67% (P = .00057). The success rate of PR of 67% in our study is within the primary reattachment anatomic success spectrum of PR reported in the literature. [12] [13] [14] The final VA also appeared to be better in the SBP group with 0.12 logMAR difference. However, the SBP group also had more patients with macula-sparing retinal detachments, and thus had a baseline slightly better VA. More patients who underwent SBP had a VA of 20/40 or better, 89% SB versus 72% with PR, although this was not statistically significant (P = .18).
Evaluation of the mean VA demonstrated that the patients with unsuccessful PR typically did not recover vision even after 1 year. However, patients with failed PR also had worse preoperative VA, although this was not statistically significant. Given the retrospective nature of this study, alternatively, this could have been due to numerous other factors, including subjective patient and/or physician preference. The small sample size of this study also limits the evaluation of these smaller subgroups as does the lack of patients undergoing primary vitrectomy as a treatment option.
This study suggests that stratification by initial success or failure of the PR may be a reliable predictor of final visual outcome. Anaya et al. suggested that failed pneumatic retinopexy may reflect an intrinsically unfavorable reattachment prognosis for whichever procedure was chosen primarily. 24 This emphasizes both the importance as well as the challenges of appropriate patient selection in PR, since all patients who received PR were deemed by the surgeons to be good candidates for PR.
These data taken in conjunction with prior publications highlight the importance of clearly specifying the expected clinical outcomes for studies that purport to compare the efficacy of different procedural approaches to the treatment of retinal detachment. Whereas final reattachment rates may not be different between various procedures such as SBP versus PR or primary vitrectomy, initial rates may be quite different with subsequent impact on patient quality of life and cost. Additionally, rates of primary retinal reattachment by SBP may vary widely due to differences in training. This could have significant impact on the sensitivity of well-designed randomized clinical trials to detect differences in outcomes between different procedural approaches. In one large, randomized clinical trial comparing SBP versus primary vitrectomy, the final reattachment rates in phakic patients were good for both scleral buckle, taking into account one or more procedures at 96.7%, and vitrectomy at 96.6%. 21 The rate of primary reattachment with scleral buckling alone was 63.6%, and was not significantly different from a rate of 63.8% with primary vitrectomy. 21 In another randomized study, the rate of primary reattachment for scleral buckling alone was 75%. 25 Both of those two rates of primary retinal reattachment for scleral buckling alone compare unfavorably with the frequency of primary retinal reattachment with one procedure in our study of 95.5%, or similar past studies, and make the conclusion of equipoise between scleral buckling and alternative procedures such as PR less compelling.
Both PR and SBP carry the risk of postoperative complications, which vary between the two procedures. The most common complication in our study was the development of an ERM, which occurred in 20% of patients with both PR and SBP. SBP also carries the risk of diplopia, which is temporary in most cases. Persistent diplopia can typically be successfully managed through prisms, botulinum toxin injections, or strabismus surgery. 26 In our series, 6.8% of patients who underwent SBP had diplopia, but all cases of diplopia were managed medically with prism. No cases of diplopia in our series were debilitating to patients and none required surgical intervention or buckle removal. In addition, SBP often induces a refractive change in patients. Encircling bands in adults have been demonstrated to result in a refraction change of 1 diopter after surgery, which is stable for at least 10 years. 27 However, in pediatric patients, SBP results in less myopia 4 years after the surgery, which is thought to possibly be related to SBP affecting ocular growth. 28 Many patients who receive SBP are myopic (73% in our study), and thus a mild refractive change was typically well-tolerated.
This study has several limitations. It is retrospective and thus subject to selection bias, although inclusion and exclusion criteria were strictly followed prior to enrollment in the outcome analysis. For example, lack of 6-month follow-up was an exclusion criterion. Patients who underwent a successful procedure and did not return for follow-up postoperatively might have been lost to follow-up to a greater extent than those who initially failed to reattach. The patients in the study were not randomized, and thus the surgeons selected which patients received which procedure. Patients undergoing primary vitrectomy or vitrectomy and scleral buckling were excluded, although that procedure was not typically performed in most patients with uncomplicated retinal detachment at this institution during that time. It is possible that macula-sparing and/or macula-threatening detachments may undergo SBP more frequently than PR because of a perceived superior single-procedure success rate in an eye with more visual potential. The study is limited by its size with 90 patients in the two groups combined, although each group is roughly a similar size. All the patients studied were treated consecutively during the same time period, so it is less likely that there was selection bias in which patients were reported. Additionally, patient preference, surgeon comfort, postoperative positioning, and cost are additional factors to consider when selecting the appropriate procedure for a given patient.
In a 2015 survey of retina specialists, for a pseudophakic patient with a superior macula-sparing retinal detachment with one tear in a -3D myope, only 4% of U.S. respondents would perform a SBP alone, 10% would perform a SB and vitrectomy, 58% would perform vitrectomy without SBP, and 28% would perform a PR. 29 In one large, retrospective study, whereas the total number of retinal reattachment procedures performed on Medicare Beneficiaries between 1997 and 2007 increased by 13%, the percentage of retinal reattachment procedures with vitrectomy increased 72% during that same time period. Simultaneously, the number of scleral buckling procedures without vitrectomy decreased by 69%. 22 Cost-effectiveness analysis has found the weighted cost of PR to be $1,961 to $3,565 and the weighted cost of scleral buckle to be $4,873. 30 In another study, the rate of primary reattachment of 80.8% for both scleral buckling and vitrectomy with or without scleral buckling was higher than PR rate of 59.4%, although the rate of adverse outcomes was approximately two-times higher in the vitrectomy group than the scleral buckling group. 31 Our data and review of the literature continue to support the utility of scleral buckle in the management of uncomplicated retinal detachment as an important primary treatment option, and empha-sizes the need to continue to train residents and fellows in the performance of this time honored and valuable technique.
